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Abstract
Background: Although leisure-time physical activity is important for health, adherence to regular exercise is
challenging for many adults. The workplace may provide an optimal setting to reach a large proportion of the
adult population needing regular physical exercise. This study evaluates the effect of implementing strength
training at the workplace on non-specific neck and shoulder pain among industrial workers.
Methods: Cluster-randomized controlled trial involving 537 adults from occupations with high prevalence of neck
and shoulder pain (industrial production units). Participants were randomized to 20 weeks of high-intensity
strength training for the neck and shoulders three times a week (n = 282) or a control group receiving advice to
stay physically active (n = 255). The strength training program followed principles of progressive overload and
periodization. The primary outcome was changes in self-reported neck and shoulder pain intensity (scale 0-9).
Results: 85% of the participants followed the strength training program on a weekly basis. In the training group
compared with the control group, neck pain intensity decreased significantly (-0.6, 95% CI -1.0 to -0.1) and
shoulder pain intensity tended to decrease (-0.2, 95% CI -0.5 to 0.1, P = 0.07). For pain-cases at baseline (pain
intensity > = 3) the odds ratio - in the training group compared with the control group - for being a non-case at
follow-up (pain intensity < 3) was 2.0 (95% CI 1.0 to 4.2) for the neck and 3.9 (95% CI 1.7 to 9.4) for the shoulders.
Conclusion: High-intensity strength training relying on principles of progressive overload can be successfully
implemented at industrial workplaces, and results in significant reductions of neck and shoulder pain.
Trial registration: NCT01071980.
Background
Musculoskeletal disorders comprise a major burden on
individuals and public health systems in North America
and Europe [1]. Neck and shoulder pains are among the
most frequent health complaints among adults [2,3].
Physical workplace factors such as repetitive work tasks,
static contractions, and tiring postures are related to
neck and shoulder pain [4].
Studies have evaluated different types of physical exer-
cise for treating neck and shoulder pain [5-8]. While
moderate to strong evidence for the effectiveness of
strength training for relieving neck pain among office
workers exists [9-11], evidence lacks among other occu-
pational groups. Laboratory technicians - commonly
exposed to high levels of strain in the neck and
shoulders due to prolonged static loadings - show high
prevalence of neck and shoulder pain [12,13]. Based on
previous research among office workers, investigating
the effect of strength training on neck and shoulder
pain among laboratory technicians is therefore relevant.
A British health survey reported that among the gen-
eral population only 37% of men and 24% of women ful-
filled public recommendations of physical activity [14].
Thus, regular physical exercise is challenging for many
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grams can negatively affect the outcome of randomized
controlled trials, even in high quality studies [7]. The
major reason for not adhering to physical exercise is
‘’lack of time’’ [15]. Thus, workplace interventions with
physical exercise during work hours and together with
colleagues may reach people with low motivation for lei-
sure physical exercise.
The present study has two major aims: Firstly, to eval-
uate the effect of strength training intervention at the
workplace on non-specific neck and shoulder pain
among industrial workers. Secondly, to describe the
implementation process and adherence to the program.
Methods
Study design
A cluster randomized controlled trial was performed in
Copenhagen, Denmark. We recruited employees from
two large industrial production units - a private sector
company specialized in creating bio-industrial products
by using enzymes (A) and a public sector company spe-
cialized in production of vaccines and control of infec-
tious diseases (B) - in February 2009. At both
companies, the daily work of laboratory technicians con-
sisted of repetitive tasks, such as pipetting work, prepar-
ing vial samples for analysis, and data processing on a
computer including mouse work - all tasks that require
precision in work and may result in extended periods of
time spent in static working postures [12,13]. The pro-
cedure of recruitment is outlined in Figure 1.
Altogether 854 employees were invited to participate
in the study. We e-mailed the prospective participants a
short introduction and invitation text, together with a
link to an internet-based questionnaire. Exclusion cri-
teria were pregnancy and serious health conditions such
as previous trauma or injuries, life-threatening diseases
and cardiovascular diseases.
In total, 669 replied to the questionnaire, out of which
73 declined to participate, 31 did not answer to the
question concerning participation and 28 were excluded
due to the above exclusion criteria. Thereby 537 partici-
pants were included in the study, and randomly assigned
to either a training or control group.
A priori power analysis showed that a sample size of
120 participants in each group would provide a power
of 80% to detect a 15% change in pain. At an estimated
dropout or loss to follow-up of 20%, the minimally
required number of participants in each group should
be 150.
We informed all participants about the purpose and
content of the project and they gave written consent to
participate in the study, which conformed to the
Declaration of Helsinki and was approved by the local
ethical committee (HC2008103).
Figure 1 Flow of participants throughout the intervention.
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The employees who agreed to volunteer for the study
were randomized at the cluster-level [16] into either a
training group or a control group. To help ensure com-
parability of the training and control groups, we strati-
fied departments into 14 strata according to the
following nested criteria: company, type of work task,
size of department. Strata were formed to achieve the
above mentioned balances (see Table 1).
Strata were labeled alphabetically and clusters were
numbered consecutively within strata. In total, 57 clus-
ters were defined. A statistician - who was blinded to
the identity of the strata and clusters - assigned the
clusters within each stratum by simple random alloca-
tion to either the training or the control group. The
consecutive numbers of the clusters within each stratum
were written on pieces of paper and drawn from an opa-
que, tossed plastic bag. To minimize imbalance over
several strata with odd numbers of clusters, these strata
were paired, and clusters were alternately allocated to
either training or control, the first cluster being allo-
cated to either training or control depending on the flip
of a coin. Thus all clusters had the same chance of
being allocated to the training group while minimizing
any biases.
As the clusters inherently contain different number of
individuals, a cluster randomization will most of the
time result in unequal group sizes. In consequence, 282
employees were allocated to the training group and 255
employees to the control group. Out of 282 employees
in the training group, 211 (75%) replied to the follow-up
questionnaire. In the control group, 93% replied to the
follow-up questionnaire (237 out of 255 employees)
(Figure 1).
Description of Intervention
A high priority was to implement the training program
in a way that would ensure high adherence and enable
the workplaces to carry on training after the cessation
of the study.
The intervention took place over a 20-week period
with questionnaires sent out in January 2009 and June
2009. The participants in the training group were
allowed to use a total of one hour a week during work
hours for the specific training program. Experienced
instructors introduced the program in small groups of
approximately 5-15 colleagues. After the introduction
the subjects were allowed to train on individual basis or
in self organized groups. The training group performed
high-intensity specific strength training locally for the
neck and shoulder muscles with 4 different dumbbell
exercises (A-D, Figure 2) and 1 exercise for the wrist
extensor muscles (E, Figure 2). Andersen and coworkers
have previously shown a high muscle activity and speci-
ficity of the neck/shoulder muscles during similar exer-
cises in both patients with chronic neck pain [17] and
healthy individuals [18]. The training regime consisted
of three sessions per week, each lasting 20 minutes.
During the intervention period the training load was
progressively increased according to the principle of
progressive overload [19] and both linear (week 1-12)
and undulating periodization (week 13-20) strategies
were used throughout the training program [20,21] (Fig-
ure 3). Periodization is the process of varying a training
Table 1 Number of participants within the 14 different strata’s divided into the two groups.
TRAINING GROUP CONTROL GROUP
Stratum Participants (N) Clusters (N) Cluster size (range) Participants (N) Clusters (N) Cluster size (range)
A 44 7 3-12 58 8 1-15
B 24 3 1-12 27 3 8-11
C 12 3 1-8 10 1 10
D5 1 5 7 1 7
E6 1 64 1 4
F 9 2 3-6 10 2 3-7
G 36 3 1-27 28 3 5-12
H. . . 4 1 4
I 60 3 2-37 19 2 9-10
J . . . 33 1 33
K 23 1 23 . . .
L 24 1 24 40 1 40
M 34 4 4-11 13 2 3-10
N5 1 5 2 1 2
Total 282 30 255 27
The number of clusters and the range of the cluster size are specified for each stratum.
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gains in physical performance. In “linear periodization”
training load is gradually increased over time while
training volume (total number of repetitions) is
decreased. In “undulating periodization” the manipula-
tion of training volume and training load is on a weekly
basis; light and heavy weekly training days. After two
introductory training sessions - where the participants
learned to perform the exercises with correct technique
and appropriate load - relative loadings were progres-
sively increased from 15 repetitions maximum (RM;
~70% of maximal intensity) at the beginning of the
training period to 8-12 RM (~75-85% of maximal inten-
sity) during the later phase (Figure 3).
The strengthening exercises were performed using
consecutive concentric and eccentric muscle contrac-
tions with slow to moderate lifting velocity previously
shown to reduce neck and shoulder pain in office work-
ers with trapezius myalgia [22].
Experienced exercise instructors were present every
other training session. The sessions with supervision
were scheduled with assistance from the respective
departments to fit into daily working routines. The
remaining training sessions were openly planned, mean-
ing that the participants were able to train whenever it
matched their daily work activities. Prior to the inter-
vention, we developed a training manual with specific
focus on implementation of physical activity at the
A B
CD
E
Figure 2 The five training exercises used in the present study. A) Front raise, B) lateral raise, C) reverse flies, D) shrugs, and E) wrist
extension.
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to this manual to ensure a standardized supervision
with focus on lifting technique, loading adjustments,
exercise/training modifications due to possible training
induced soreness/pain, and motivation/barriers towards
training.
We established a hotline with a physiotherapist for
participants to consult in case of adverse events - e.g.
unexpected joint pain or neck strain - due to training.
The training locations were placed as close as possible
to the actual work station for the respective depart-
ments/clusters. In practice, we established training loca-
tions in store rooms, broad corridors, and conference
rooms (11 locations in total). All locations were
equipped with a training poster, a clock, chairs, 2 pairs
of lifting straps and dumbbells (pairs of 1-25 kg).
The participants in the training group were taught to
register the training load for each training session in a
personal logbook during the 20 week intervention per-
iod. Participants in the control group received advice to
stay physically active and were consulted once a week
by a supervisor during the 20-week period. After the 20
week intervention period, the control group was offered
an equivalent 20 week training period - i.e. 1 hour a
week during work hours.
Adherence
We defined adherence based on follow-up questionnaire
replies on training frequency. The reply options given in
the questionnaire were: “2-3 times per week”, “1-2 times
per week”, “1t i m ep e rw e e k ”, “2-3 times per month”,
“never” and “withdrew from intervention”. Regular
adherence was defined as participating at least once a
week during the 20 week intervention [9].
Primary outcome measure
Neck and shoulder pain intensity
Musculoskeletal symptoms were reported according to a
modified version of the Nordic questionnaire on trouble
(ache, pain, or discomfort) in the neck and shoulders
during the last 7 days [23]. The intensity of pain in the
neck and shoulder were rated subjectively on a scale
ranging from 0-9 in the questionnaire, where 0 indicated
“no pain at all” and 9 indicated “worst possible pain”.
T h ef o l l o w i n gq u e s t i o n sw e r ea s k e d :“What degree of
pain or discomfort have you experienced in [body part]
during the last seven days?” with [body part] replaced
first by neck, then by the left shoulder, and then by the
right shoulder.
Subsequently, cases were defined as those who scored
3 or more on the 0-9 scale [24]. Non-cases were defined
as those who scored from 0 to 2 on the 0-9 scale [24].
Statistical analyses
All data were analyzed in accordance with the intention
to treat principle. We used the GLIMMIX procedure of
SAS version 9.2. We performed analysis of variance to
model change in pain during the last seven days first in
the neck and then in the shoulders. To investigate the
effect of the intervention on rehabilitation, first with
regard to neck pain and then with regard to shoulder
pain, we estimated the odds ratio, with a 95% confi-
dence interval, (training versus control group) of being
free of pain (pain intensity during the last week < 3) at
follow-up, among cases (pain intensity > = 3) at base-
line. To investigate the effe c to np r e v e n t i o no fp a i n
development, we estimated the odds ratio (training ver-
sus control group) of being in pain at follow-up, among
those who were non-cases at baseline. Intra-cluster cor-
relations were handled by the inclusion of a random
cluster effect. In the shoulder pain analysis, each person
contributed with two observations (one for each
shoulder). A random person effect was included to deal
with intra-person correlations. Variance components
correlation structures were assumed. All analyses were
controlled for gender.
The level of significance was set to p < 0.05. Baseline
results are presented as mean (SD) and changes from
baseline to follow-up as means (95% confidence inter-
vals) unless otherwise stated.
Results
The participants of the training and control groups
matched at baseline for demographics, musculoskeletal
Figure 3 Progression of relative intensity, i.e. repetition
maximum (RM), and number of sets per exercise session
throughout the 20 week training period. Notice that RM was
decreased, i.e. the relative intensity increased, while the number of
sets was slightly increased, but in an undulating fashion, during the
training period. Data points represent weekly mean values of all sets
and exercises from the training diaries of the training group (n =
282).
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2). However, the control group had a higher proportion
o fm e nt h a nt h et r a i n i n gg r o u p. We controlled for this
difference in the analysis below. Among those who
declined to participate at baseline, the proportion of
men was significantly higher than among those who
agreed to participate (p < 0.001). Further, pain intensity
was lower in the neck (p < 0.05) and right shoulder (p <
0.001) among decliners compared with those who parti-
cipated in the intervention. No differences were
observed in work exposure between those who declined
and those who agreed to participate at baseline (Table
2).
Adherence
Adherence to the training program was high with 63%
participating 2-3 times per week, 15% participating 1-2
times per week and 7% participating 1 time per week.
Thus, regular adherence was achieved by 85% of the
participants. There was no difference in training adher-
ence between cases and non-cases.
Training progression
On average, participants more than doubled their train-
ing loads during the 20 week intervention - e.g. from 8
± 4 kg to 21 ± 7 kg in shrugs. Similar relative improve-
ments were observed in the other exercises. Average
weekly progression in sets and RM loadings are given in
Figure 3.
Overall effect of training
On average, the overall intensity of neck pain at baseline
was 1.8 ± 2.0 in the training group and 1.8 ± 2.2 in the
control group (median values [25th and 75th
Table 2 Baseline characteristics of the participants in the control group (n = 255), training group (n = 282) and among
decliners (n = 73).
Agreed to participate Declined to participate Agreers vs. decliners
Control Training P-value
Demographics:
Age, year 42 (10) 42 (11) 42 (12) 0.67
Height, cm 170 (8) 168 (8) 173 (9) 0.001
Weight, kg 73 (14) 70 (14) 72 (13) 0.83
Body Mass Index, kg
.m
-2 25 (5) 25 (4) 24 (4) 0.04
Women (%) 80% 89% 67% < 0.001
More than 30 days with pain previous year (% of participants):
Neck 31% 34% 17% < 0.01
Right shoulder 20% 27% 6% < 0.001
Left shoulder 13% 17% 11% 0.39
Pain intensity of 3 or more during previous week (% of participants):
Neck 31% 34% 20% < 0.05
Right shoulder 27% 28% 8% < 0.001
Left shoulder 17% 17% 14% 0.56
Percentage of participants spending more than half of total work time:
Sitting 87% 83% 92% 0.11
Standing 37% 41% 42% 0.09
Bend forward without arm- or hand- support 9% 11% 14% 0.38
Twisting or bending the back 23% 32% 21% 0.20
Hand at shoulder height or higher 1% 0% 3% 0.05
Performing physical strenous work 10% 14% 10% 0.49
Bent neck 24% 29% 19% 0.17
Hand twisted or flexed 28% 33% 30% 0.94
The same finger movements several times a minute 57% 65% 62% 0.91
The same arm movements several times a minute 34% 38% 33% 0.60
Static work posture 48% 51% 58% 0.19
Kneeling 2% 0% 3% 0.26
Other work-related characteristics:
Weekly working hours 35 (8) 35 (8) 35 (9) 0.85
Years working in the same type of job 15 (11) 16 (12) 12 (12) 0.07
Baseline characteristics are given as mean (SD).
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Page 6 of 9percentiles] were 1.0 [0.0 and 3.0] and 1.0 [0.0 and 3.0]
in the training and control groups, respectively). At fol-
low-up, the overall intensity of neck pain was reduced
by 49% in the training group and 17% in the control
group.
For the main analysis which included all participants -
i.e. both cases and non-cases - analysis of variance con-
trolled for gender showed a significant group by time
effect for pain in the neck (p < 0.001) and a tendency
for the shoulders (P = 0.07). Compared with the control
group, pain intensity in the neck decreased significantly
(-0.6, 95% confidence interval -1.0 to -0.1) in the train-
ing group, and pain intensity in the shoulder tended to
decrease (-0.2, 95% confidence interval -0.5 to 0.1).
Rehabilitative effect of training
Table 3 shows for cases and non-cases separately, pain
intensity in the neck and shoulder at baseline and follow-
up. For the participants defined as cases at baseline, the
odds ratio - in the training group compared with the con-
trol group - for being non-cases at follow-up was 2.0
(95% confidence interval 1.0 to 4.2) for the neck and 3.9
(95% confidence interval 1.7 to 9.4) for the shoulder.
Preventative effect of training
For the participants defined as non-cases at baseline, the
odds ratio - in the training group compared with the
control group - for being cases at follow-up was 0.6
(95% confidence interval 0.2 to 1.5) for the neck and 0.6
(95% confidence interval 0.3 to 1.3) for the shoulder.
On an exploratory basis, we tested the statistical
model with workplace (A and B) as a factor. This analy-
sis showed that there was no effect of workplace on the
neck and shoulder pain outcome.
Discussion
Our study showed that specific strength training
reduced the overall level of neck pain among industrial
workers. Among cases in the training group, the
decrease in pain intensity of approximately 3 on a scale
of 0-9 was considered clinically important [25,26].
As shown by Table 2, the industrial workers in the
present study were highly exposed to known risk factors
for development of musculoskeletal pain. Thus, a high
percentage of daily activities were performed with static
work postures and bent neck (Table 2). In spite of the
high physical occupational strain, high intensity strength
training was effective in reducing neck pain in this job
group.
Our program, which effectively reduced neck and
shoulder pain in laboratory technicians, involved
dynamic muscle contractions with a high intensity (8-15
RM) and a high volume (6-12 sets per session) performed
in a progressive manner with both linear and undulating
periodization strategies throughout the training program
[20,21] (Figure 3). A variety of strength training protocols
for decreasing neck pain have been described in the lit-
erature - i.e. low intensity training [7,27], high intensity
concentric contractions [28], high intensity isometric
contractions [6,8], low total training volume [6], and
non-periodized training [6,8,27,28]. The referred studies
had in common that the effect of strength training was
examined in selected symptomatic groups. In contrast,
the finding of the present study is translational to the
working population with repe t i t i v ew o r ke x p o s u r ea n da
high prevalence of neck and shoulder pain symptoms.
Chronic neck pain symptoms are known to display
seasonal variation, worsening in the autumn and
decreasing in the spring [29]. Thus, a general decrease
in neck pain symptoms could be expected as the study
ran from January to June. Despite the well-known seaso-
nal variation and thus a decrease of pain in the control
group, we found a significantly better rehabilitative
effect of strength training than control (OR 2.0).
In contrast to the evidence on neck pain, only few
high quality studies on training have been able to pro-
vide evidence for the effectiveness on shoulder symp-
toms [30,31]. Among workers with shoulder pain at
baseline, the odds ratio for being a non-case - i.e. having
a pain intensity less than 3 at follow-up - were 3.9 in the
training group compared with the control group. Thus,
the present protocol provides a promising tool for treat-
ing pain in the shoulders among industrial workers.
The preventative effect of training on development of
pain symptoms - i.e. for non-cases at baseline - was neg-
ligible in the present study regardless of body part. A
previous study showed that strength training performed
for a one-year period had a small but statistically
Table 3 Pain intensity in the neck and shoulder at
baseline and follow-up for cases and non-cases,
separately.
n Baseline Followup
Cases Neck Control 77 4.6 (1.8) 2.9 (2.3)
Training 95 4.7 (1.6) 1.8 (1.9)
R shoulder Control 69 4.7 (1.8) 2.5 (2.6)
Training 76 4.8 (1.7) 1.4 (1.7)
L shoulder Control 43 5.0 (1.8) 2.2 (2.6)
Training 46 4.5 (1.5) 0.9 (1.3)
Non-cases Neck Control 175 0.5 (0.7) 0.8 (1.5)
Training 182 0.6 (0.8) 0.5 (1.3)
R shoulder Control 183 0.4 (0.7) 0.5 (1.2)
Training 200 0.6 (0.8) 0.5 (1.2)
L shoulder Control 209 0.4 (0.7) 0.5 (1.1)
Training 231 0.4 (0.7) 0.4 (1.0)
Pain intensity is given as mean (SD).
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shoulder symptoms among office workers [30]. Thus,
20-week intervention duration may be insufficient to
detect similar preventative effect.
A major strength of the present study is that regular
adherence to training was achieved by 85% of the partici-
pants. Thus, the high adherence allowed us to investigate
the actual effect of the intended intervention. Training
facilities located within meters from the work station
combined with a training program that could be con-
ducted without changing clothes or subsequently needing
a shower, allowed the participants to train whenever it
matched into daily work activities. These factors com-
bined with high availability of well educated training
instructors may explain the high adherence. Overall, the
high adherence shows that the workplace adjusted inter-
vention model used in the present study can be success-
fully implemented at industrial workplaces.
Adverse events due to overload or incorrect strength
training technique were minor and transient. Altogether,
fifteen participants consulted our physiotherapist solely
due to complaints from previous musculoskeletal inju-
ries. All fifteen participants completed the 20-week
training intervention, and showed - based on the base-
line and follow-up questionnaire - a reduction in pain
symptoms. However, four participants in the training
group, who did not consult our physiotherapist, with-
drew from the study and gave musculoskeletal pain as
their reason. Thus, training may have provoked an
adverse effect in the four participants mentioned, corre-
sponding to approximately one percent of the partici-
pants of the training group.
We also compared baseline characteristics of those
agreeing and declining, respectively, participation in the
study. This comparison (Table 2) showed that employ-
ees with higher pain levels were more interested in par-
ticipating than those with lower pain levels. Thus, pain
per se is not a hindrance for participating in intensive
strength training, rather on the contrary.
Conclusion
In conclusion, high-intensity strength training relying on
principles of progressive overload can be implemented
at industrial worksites with high adherence, and results
in significant and clinically important reductions of neck
and shoulder pain.
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